The mission of the Transmutation Research Program (TRP) at University of Nevada, Las Vegas (UNLV) is to establish a national nuclear technology research capability, a nuclear engineering test bed that can carry out effective transmutation and advanced reactor research and development effort. The main task of the Chemical Engineering Division, Argonne National Laboratories (ANL) is to design, model, and demonstrate countercurrent uranium solvent-extraction process. The division has developed MS Excel macros interface, called Argonne Model for Universal Solvent Extraction (AMUSE), to calculate flowsheets for treating high-level liquid waste. The AMUSE code forms all computational basis for flowsheet design and process development. The extraction process, including U, Tc, Pu/Np, Cs/Sr, and Am/Cm separations, is complicate and requires further system optimization for robust performance. A systems engineering model is proposed by the Nevada Center for Advanced Computational Methods (NCACM) at UNLV that provides process optimization through the adjustment on feed compositions, stages, number of sections and flow rates. The NCACM is designing and developing a MS Visual Basic graphical user interface (GUI) that provides multiple-run results and data reporting and presentation. All calculations are made by the interaction with the MS Excel macros, defined in ANL AMUSE codes. An optimization model, developed with the GUI, interconnects with MatLab's optimization toolbox, commercial software from MathWorks. Due to the nature of the AMUSE code, all the computational results are generated from the existing AMUSE macros. The model also examines measure effects of process deviations, caused by operational upsets or product diversion.
INTRODUCTION
The mission of the Transmutation Research Program (TRP) is to establish a national nuclear technology research capability, a nuclear engineering test bed that can carry out effective transmutation and advanced reactor research and development effort. The TRP is developing technology for the transmutation of nuclear waste to address many of the long-term disposal issues. As part of this program, a systems engineering model is being developed for the Uranium Extraction (UREX) solvent extraction process. Figure 1 shows a block diagram of the current process as envisioned by the ANL researchers.
Nearly all issues related to risks to future generations arising from long-term disposal of such spent nuclear fuel is attributable to ~1% of its content. This 1% is made up primarily of plutonium, neptunium, americium, and curium (the transuranic elements) and long-lived isotopes of iodine and technetium created as products from the fission process in power reactors. When transuranics are removed from discharged fuel destined for disposal, the toxic nature of the spent fuel drops below that of natural uranium ore (that was originally mined for nuclear fuel) within a period of several hundred years.
The block diagram of the chemical separation process depicts the fuel cycle scheme in which the transuranic elements and long-lived fission products from spent LWR fuel can be sent directly to an accelerator-driven sub critical reactor for transmutation. Other schemes under consideration involve intermediate critical reactor steps; this would result in major changes in the design, development and analysis of separations systems. Systems engineering would enhance the ability to respond with such changes.
The UREX process is to separate TRU (Transuranic) elements from the feed and report them to the raffinate section. The process needs to report 95% of Tc and 99.9% of Uranium to a separate effluent. The U/Tc-free TRU/fp stream is then fed to PYRO-A process. The recovered Uranium is purified for Low Level Waste (LLW) disposal while recovered Technetium is used for transmutation of targets.
The complete process considers existing LWR spent fuel, separation processes, fuel fabrication, transmutation, disposal as a LLW, and the reprocessing of fuel after transmutation. This is an involved process that can be varied in a number of ways. Any proposed change to the process can have impacts on the fuel design, amount of waste generated by the process, number of cycles through the reactor, etc. Any introduction of advanced thermal reactor designs will certainly result in changes in separate system requirements that must be met with optimized systems. The objective is to develop an Microsoft Visual Basic interface [1] that interacts with ANL's AMUSE macros with systems engineering model implemented. The interface can provide flexible option to run different separation process from a single GUI using Object Oriented approach and also keep tracking and analyze data through newly implemented database management system. The paper will discuss the positive implication for the UREX process through the implementation of the Systems Engineering Model.
SYSTEMS ENGINEERING MODEL
While manufacturing systems is getting complex, the process becomes more difficult to analyze mathematically. Systems Engineering Model allows industries to model the process quantitatively and to study the interactions between subsystems and performance of the model under the influence of various design parameters. Systems engineering is a multidisciplinary function dedicated to controlling design so that all elements are integrated to provide an optimum, overall system. A simplified process flowchart is shown in Figure 2 [2] [3] .
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Figure 2. Conceptual interaction between systems AMUSE CODE
The AMUSE (Argonne Model for Universal Solvent Extraction) code formerly known as GTM (Generic TRUEX Model), written in MS-EXCEL macros[4], was developed by Argonne National Laboratory for the analysis of a Generic TRUEX process. The TRUEX process is a solvent extraction process capable of separating small quantities of transuranic elements, such as Np, Am, Pu, and Cm from aqueous nitrate and chloride solutions. These types of chemical streams are typically generated in reprocessing plant operations or in plutonium production and purification processes. The code is applied to calculate D values, mass balance and concentration profiles for different components present in spent fuel feeds. It generates the flow sheet for the process based on the number of sections and stages used in the process. It also applies EXCEL Macros to generate both concise and full reports. The developed Visual Basic interface is based on the AMUSE version 2.2.
METHODOLGY ADOPTED FOR SYSTEMS ENGINEERING MODELLING
An Object Oriented approach is used to develop GUI. This is primarily adopted to make the GUI flexible to incorporate different Chemical Separation process other than UREX process. The development of Systems Engineering Model is divided into three major tasks.
I. Define Process Models -Each of the processes is modeled to define how it is an integral part of the overall process. We identified process modelswhich are common to all the process in Generic TRUEX model. These process Models are defined as Objects. Properties and methods for the objects are defined which will be used to give input to each process model. Figure 3 shows the newly implemented VB graphical userinterface that provides interactive input choices with flowchart presentation. All the required information can be selected and input into this interface easily.
Figure 3. Initial form in VB-interface
The main form serves as the basic form to choose the required chemical process and to build a flowsheet. All the objects are listed at the left-hand side. The user can use the objects by clicking on them and can build a flowsheet by drag and drop mechanism provide for objects. Flowsheet object allows user to choose a process and give input to it. Next the user can start creating the flowsheet by using the section, stage, concentration and stream objects. A series of forms allows user to give input for each section. Figures 4a and 4b show the forms for choosing the model and creating the flow chart. The connectors that connect the process blocks are equipped by the arrows to show the direction of input and output for the process blocks. The user at any time can change the flow sheet by deleting or adding any of the objects. 
. (a). Process selection and preliminary input definition, (b). UREX process generation flowsheet.
As shown in Figure 5 , for each processing module, certain parameters are required for input which is implemented through the pop-up windows. After taking all the parameters, the user is ready to submit the processing. For any single run, the interface save input parameters into an export file which will be used by the AMUSE macros later. All the calculations except system optimizations are completed by the Excel macros developed by Argonne National Laboratory (ANL). Upon completion of AMUSE process, the Excel macros generate concentration profiles, D values, Mass Balance and Density for all the components present in the feed. These calculated Concentration profiles could be viewed by the post-processing menu in the interface menu tab as shown in Figure 6 . General systems engineering techniques/tools were applied to the complex processes of the TRP chemical separation process. Systems engineering model provides multiple runs with adjusted parameters for optimizing the UREX process. All the parameters which will change the output becomes variables in the multiple run form. The values can be either fixed or provided with a maximum, minimum and incremental values. Simultaneously, the data are saved into newly designed database management system for further data analysis. Figure 7 shows the multiple run interface. A completed data flow is shown in the Figure 8 that identifies both the existing system and new system. The integrated system provides flexible approach for data acquisition and optimizations. The new interface offers flexibility in many aspects when compared to the AMUSE interface. The following points list the advantages of new-interface.
As shown in Figure 8 , the new interface integrates the existing AMUSE code and provides a user-friendly package. The package shows the pre defined flow sheet when the process is selected, which is easy for the new user to create the flow sheet. The selection of stages and sections is critical for the UREX process. The interface enables users to add/remove sections through the process during the construction of workflow. A major advantage of the interface is that users can give input in terms of compounds rather in ions. An internal subroutine is implemented to convert the fed compounds to ions that saves into the export file for the use of AMUSE code. From the research point of view, the new interface also provides a display module that can view the D values, Density and Mass balance of all the components in the feed at any stage and in any section respectively.
Previously used AMUSE code could only have single process run. The code needs to be rerun even for a minor parameter modification. Multiple-run option from the new interface is implemented in the interface for optimizing systems engineering. With such enhancement, users can initialize multiple process iteration based on automatically adjusted parameters and optimization functions for the extracted radioactive materials. During the UREX process run, the number of sections and stages are set to variables and are considered as part of optimization processing. This multiplerun engineering model is a very useful tool for obtaining bestestimated parameters for such complicated processing. The iterative output results and input parameters are stored into database management system for future analysis.
Once all the output is ready the optimization toolbox is invoked. Here a parametric study of various variables is carried out to optimize the input feed for required output. Many of the variables can be altered to get the desired output. In optimization, a thorough study of various parameters is carried which effects the output and a detailed list of all the changes in the input for a desired output is presented in a table format which enables the user to choose a particular input for a process. The optimization toolbox will be designed in a userfriendly manner. The flexibility of this toolbox provides the user to select a number of parameters to be changed for a given output.
Currently the automatic reporting module is under development. In the previous AMUSE code all the reports were stored in different EXCEL files. Every time the user wants to view the output he has to open multiple files. We are developing a new report format that enables the user to view all the outputs in a single form rather opening each file for each output. The Object Oriented approach which is used in designing the interface enables us to implement any new changes in the AMUSE code with in our interface. This also allows the user to access a single property or method of a remote object. One more important feature of the interface is that every object in the flowsheet is validated for input. The validation makes it easier for the novice user to enter the input in a correct format thus avoiding the errors. The Open File and Save file options in the File menu are very useful when only small data need to be modified for a given process.
The results are intended to be presented through web-based application that can share any necessary/limited experimental results with research community without going through any software implementation complication. The development of database management can preserve all the valuable testing data and results for later examination and verification. The reports are designed in such a way that both the input and output for a process are placed in a single workbook. One more option will be implemented in the interface which allows the user to run the AMUSE for just one part of the flowsheet which may be a single section or a group of sections. This allows the user to view the output for a single section. This is very useful when the user wants to see the effect of adding a section or deleting a section on the whole process. 
